Monitoring the populations of probiotic strains of the species Lactobacillus casei in food is required by food industries in order to assure that a minimum concentration of these organisms will be ingested by consumers. In this context, PetrifilmÔ AC plates can be used along with selective culture media to allow the enumeration of specific groups of lactic acid bacteria. The present study aimed to assess chemical substances as selective agents for Lb. casei in order to propose a selective culture medium to be used with PetrifilmÔ AC plates as an alternative protocol for the enumeration of probiotic strains of this species in fermented milk. Twenty-six probiotic and starter cultures (including six strains of Lb. casei) were plated on de Man Rogosa and Sharpe (MRS) agar with distinct concentrations of nalidixic acid, bile, lithium chloride, metronidazole, sodium propionate, and vancomycin. Vancomycin at 10 mg/L demonstrated selective activity for Lb. casei. In addition, 2,3,5-triphenyltetrazolium chlorine was identified as a compound that did not inhibit Lb. casei, and PetrifilmÔ AC plates used with MRS and vancomycin at 10 mg/L (MRS-V) demonstrated more colonies of this organism when incubated under anaerobic conditions than aerobic conditions. Acidophilus milk and yoghurt were prepared, added to Lb. casei strains, and stored at 4 C. Lb. casei populations were monitored using MRS-V and MRTLV by conventional plating and associated with PetrifilmÔ AC plates. All correlation indices between counts obtained by conventional plating and PetrifilmÔ AC were significant (p < 0.05), but the best performance was observed for growth on MRS-V. The obtained data indicate the efficiency of using MRS-V associated with PetrifilmÔ AC plates for the enumeration of Lb. casei strains in fermented milk. However, the selective potential of this culture medium must be evaluated considering the specific strains of Lb. casei and the starter cultures inoculated in the fermented milk that requires monitoring.
Introduction
Probiotics are microorganisms that promote benefits when ingested at adequate concentrations (FAO-WHO, 2002) . Once probiotics are added to foods, monitoring of the populations of these organisms is essential. These probiotic microorganisms demonstrate their activities only when present at minimum concentrations in fermented foods. The suggested minimum daily therapeutic dose of probiotics is 10 6 e10 7 colony forming units (CFU) (Ashraf and Shah, 2011; Buriti et al., 2005; Lee and Salminen, 1995; Vinderola and Reinheimer, 2000) . Some studies have shown low viability of probiotics present in foods for retail sale, demonstrating a requirement for proper monitoring to verify the viability and concentrations of these organisms (Shah, 2000; Shah et al., 1995) . Up to date, only ISO 29981:2010 (ISO, 2010 ) and ISO 20128:2006 (ISO, 2006 are described as official protocols for probiotics enumeration in fermented milks, targeting bifidobacteria and Lactobacillus acidophilus, respectively. Despite Lb. casei being the lactic acid bacteria most studied due to the probiotic potential of few strains and used in fermented milks production, there is no official protocol to enumerate it in foods. The close genetic relationship between Lb. casei and other starter cultures hinders the development of an adequate selective culture medium. Distinct studies have been performed in order to propose an alternative culture medium for probiotic strains of the species Lb. casei (Buriti and Saad, 2007; Buriti et al., 2005; Champagne et al., 1997; Dave and Shah, 1996; Lima et al., 2009; Ong and Shah, 2009; Phillips et al., 2006; Ravula and Shah, 1998; Sakai et al., 2010; Sharp et al., 2008; Tharmaraj and Shah, 2003 ; Van de Casteele et al., 2006; Vinderola and Reinheimer, 2000; Wang et al., 2010) . However, the majority of these culture media have been evaluated with isolated cultures, jeopardising their performance in the selective enumeration of Lb. casei in mixed cultures of the type usually found in fermented products (Ashraf and Shah, 2011) .
Alternative protocols to enumerate microorganisms are required by the food industry to facilitate and optimise laboratory work and also to provide reliable results. PetrifilmÔ plates (3M Microbiology, St. Paul., MN, USA) is a ready-to-use double film system that is often used in the food industry for monitoring contamination by mesophilic aerobes, coliforms, Escherichia coli, and a variety of other microbial groups. Some studies have demonstrated the applicability of PetrifilmÔ Aerobic Count (AC) plates along with specific culture media or selective agents to enumerate starter cultures and probiotic bacteria (Champagne et al., 1994; Miranda et al., 2011; Nero et al., 2008 Nero et al., , 2006 Ortolani et al., 2007) . A key point for the performance of such selection protocols is the sensitivity of the target culture to 2,3,5-triphenyltetrazolium chloride (TTC), a dye that is added to PetrifilmÔ plates to enhance colony visualisation (Beloti et al., 1999; Nero et al., 2008 Nero et al., , 2006 .
The present study aimed to identify the inhibitory potential of selective agents with regard to distinct starter and probiotic cultures as well as the sensitivity of these cultures to distinct concentrations of TTC in order to propose a selective culture medium to be used with to PetrifilmÔ AC plates for the enumeration of Lb. casei specific strains in fermented milk.
Materials and methods

Bacterial strains
The bacterial strains examined in the present study are detailed in Table 1 . All strains were stored at À20 C in MRS broth supplemented with 20% glycerol (v/v). For use, aliquots of these cultures were reactivated in de Man, Rogosa and Sharpe (MRS) broth (Oxoid, Basingstoke, England), incubated at 37 C for 24 h, streaked on MRS agar (Oxoid), and incubated at 37 C for 48 h. Then, isolated colonies were transferred to MRS broth (Oxoid) and incubated at 37 C until they achieved a turbidity similar to tube 1 on the MacFarland scale, which corresponds to approximately 3 Â 10 8 CFU/mL.
Thereafter, 10-fold dilutions were made in NaCl 0.85% (w/v) to obtain cultures with distinct concentrations that were used in the experiments described below. Table 2 shows the selective agents considered in the present study and their tested concentrations. The substances were prepared as aqueous solutions and filtered through sterile membranes with a 0.22 mm pore size. The tested strains (Table 1) were diluted to an approximate concentration of 10 2 CFU/mL and plated on pour plates in duplicate in MRS agar (Oxoid) with individual chemical substances added at defined concentrations ( Table 2) . As control, each set of tested cultures was also plated on MRS agar without any of the chemical substances. Plates were incubated at 37 C for 48 h, following which the colonies were enumerated. The results are expressed as CFU/mL. All strains and chemical substances were evaluated in three independent trials.
Evaluation of chemicals for the selective enumeration of tested strains
Evaluation of the inhibitory potential of TTC on bacteria
Tested strains (Table 1) were diluted until an approximate concentration of 10 2 CFU/mL and plated on pour plates in duplicates in MRS agar (Oxoid) with TTC added at three distinct concentrations (15, 30, and 45 mg/mL) or without TTC (control). The plates were incubated at 37 C for 48 h and then the colonies were then enumerated and the results expressed as CFU/mL. The morphological characteristics of the colonies from each tested strain were also evaluated. This analysis was conducted in three independent trials. 
Evaluation of the incubation condition for bacteria growth
Lb. casei, Lb paracasei, Lb. rhamnosus, Streptococcus thermophilus, Lb. acidophilus and Lb. delbrueckii subsp. bulgaricus strains (Table 1) were individually diluted in MRS broth (Oxoid) supplemented with vancomycin (10 mg/L) (MRS-V), MRS broth (Oxoid) alone and modified-rhamnose-2,3,5-triphenyltetrazolium-chloride-LBS-vancomycin broth (MRTLV, prepared according to Sakai et al., 2010) and plated in duplicate on PetrifilmÔ AC plates. One replicate set was incubated aerobically at 37 C for 48 h, and the other was incubated under anaerobic conditions (GasPakÔ EZ Anaerobe Sachets, BD e Becton, Dickinson and Company, Franklin Lakes, NJ, USA) at 37 C for 48 h. After incubation, colonies were enumerated and the results were expressed as CFU/mL. The morphological characteristics of the colonies were also recorded.
2.5. Production of probiotic fermented milks and evaluation of MRS-V and MRTLV broths with PetrifilmÔ AC for Lb. casei enumeration Lb. acidophilus LA-5 (Chr. Hansen, Hørsholm, Denmark) was selected for the production of acidophilus milk, and cultures of Lb. delbrueckii subsp. bulgaricus and S. thermophilus from YoMix (DuPont Ò /Danisco Ò , Madison, WI, USA) were selected for the production of yoghurt. Lb. casei strains (Table 1) were inoculated into both products to obtain probiotic fermented milks. For acidophilus milk production, six sets of 1000 mL of skim milk were prepared by reconstituting skim milk powder (Molico Ò , Nestlé, São Paulo, SP, Brazil) in sterile water at 10% (w/v), heating at 90 C for 5 min, and cooling to 37 C. Next, a Lb. acidophilus LA-5 (Chr. Hansen) culture was grown in MRS broth, 10-fold diluted in NaCl 0.85% (w/v) and added to obtain a final concentration of 10 6 CFU/mL; simultaneously, each batch was inoculated with a different Lb. casei strain (Table 1) , in order to obtain a final concentration of 10 6 CFU/mL. The inoculated milk sets were then incubated at 37 C for 24 h, following which the pH and viscosity were recorded to verify that production was complete (pH of 4.6 and coagulation). The obtained fermented milks were distributed into sterile plastic flasks (100 mL) and stored at 4 C. For yoghurt production, six sets of 1000 mL of skim milk were prepared as previously described. Lb. delbrueckii subsp. bulgaricus and S. thermophilus from YoMix (DuPont Ò /Danisco Ò ) were added according to the manufacturer's instructions, and the inoculated sets were incubated at 42 C for 4.5 h, when the pH and viscosity were recorded to verify that production was complete (pH of 4.6 and coagulation). Then, the fermented products were cooled to 37 C and cultures of Lb. casei strains were individually inoculated in different tubes of MRS broth to obtain a final concentration of 10 6 CFU/g. The obtained yoghurts were distributed into sterile plastic flasks (100 mL) and stored at 4 C. Samples of the prepared fermented milks were collected during storage at the following times: 0 h (just after the preparation of fermented milks), 15 days and 30 days. Each sample was 10-fold diluted using MRS-V and MRTLV broths. Selected dilutions of MRS-V were plated on PetrifilmÔ AC (3M) plates and MRS-V agar (in duplicates in pour plates); the same selected dilutions of MRTLV broth were plated on PetrifilmÔ AC (3M) plates and MRTLV agar (in duplicate in pour plates). PetrifilmÔ AC plates were incubated at 37 C under anaerobic conditions (GasPak, BD), and MRS-V and MRTLV agar plates were incubated at 37 C under aerobic conditions based on the previously obtained data. After incubation, the colonies were enumerated and the results were expressed as CFU/g.
Fermented milk production and microbiological analyses were conducted in three independent trials.
Statistical analysis
To verify the inhibitory potential of the tested chemical substances and TTC, the counts of each analysed strain were converted to log 10 and grouped according to their microbial species (groups: Lb. casei, Lb. paracasei, Lb. rhamnosus, "other lactobacilli", streptococci) and compared using analysis of variance (ANOVA) and Tukey tests (p < 0.05) in reference to the counts obtained on control plates (MRS without any chemical substance). The differences between the counts of the tested organisms incubated under anaerobic and aerobic conditions were determined by comparing the obtained mean values. The counts of Lb. casei in fermented milks that grew in each culture medium and with each protocol were compared by ANOVA and Tukey tests (p < 0.05) to verify significant differences. Comparisons were also performed by linear regression (p < 0.05) to establish correlation indices between the proposed protocols.
Results and discussion
Evaluation of chemical substances for selective enumeration of tested strains
Based on the obtained data, none of the tested chemical substances were able to properly inhibit any of the tested strains (p > 0.05). The performance of the selective agents at the tested concentrations did not show standard behaviour and the inhibition profile was similar between the groups. From the obtained results, it can be concluded that the tested substances at their respective concentrations can be used for enumeration of Lb. casei, Lb. paracasei and Lb. rhamnosus strains and show similar inhibition profiles. However, the group "other lactobacilli" and group S. thermophilus organisms were not inhibited.
Lithium chloride and sodium propionate had no selective effect to distinguish Lb. casei, Lb. paracasei and Lb. rhamnosus strains. Vinderola and Reinheimer (2000) showed that the combination of lithium chloride and sodium propionate (LP-MRS) allowed the enumeration of Lb. casei in the presence of bifidobacteria and was able to inhibit the growth of lactic acid starter bacteria (Vinderola and Reinheimer, 2000) . Lima et al. (2009) proposed the use of the same culture medium at 42 C under aerobic conditions to enumerate Lb. casei in a mixed culture. However, these substances were considered in the present study individually and they were not able to inhibit the growth of other tested strains. Vinderola and Reinheimer (2000) also tested the behaviour of the same strains when inoculated in a culture medium containing bile (B-MRS) and found that this substance allowed the growth of Lb. casei and inhibited some starter cultures (S. thermophilus and Lb. delbrueckii subsp. bulgaricus). Furthermore, this culture medium allowed the differentiation of Lb. casei and Lb. acidophilus colonies. However, the data in this study indicated that bile, like lithium chloride and sodium propionate, was not a selective agent at the tested concentrations. Divergent results for Lb. casei counts obtained using MRS with the addition of bile, lithium chloride and sodium propionate were also observed by Tharmaraj and Shah (2003) .
Nalidixic acid and vancomycin concentrations were defined based on the data obtained by Tharmaraj and Shah (2003) , and metronidazole concentrations were based on data from Sakai et al. (2010) . Tharmaraj and Shah (2003) observed that Lb. casei was able to grow in a culture medium containing nalidixic acid when the incubation temperature was lower than 37 C. Moreover, this culture medium containing nalidixic acid was able to inhibit Lb. delbrueckii subsp. bulgaricus, S. thermophilus, Lb. acidophilus, Bifidobacterium and Propionibacterium freudenreichii ssp. shermanii strains. The data obtained in the present study indicated that MRS with nalidixic acid was not able to inhibit lactic acid bacteria. Only two of three S. thermophilus strains were partially inhibited by this medium; S. thermophilus TH-4 Ò was inhibited at the highest concentration (p ¼ 0.033) and S. thermophilus ST 066 was inhibited at the lowest concentration (p ¼ 0.045). Moreover, nalidixic acid inhibited the growth of four Lb. casei strains, showing that this substance cannot be considered to be a selective agent for Lb. casei, Lb. paracasei and Lb. rhamnosus. Similar results were obtained by Talwalkar and Kailasapathy (2004) . Metronidazole and vancomycin were not selective to allow the enumeration of Lb. casei, Lb. paracasei and Lb. rhamnosus. Tharmaraj and Shah (2003) showed that MRS added to vancomycin and incubated at anaerobic conditions at 37 C for 72 h was able to select Lb. casei, but only when Lb. rhamnosus was not present in the mixture. Tharmaraj and Shah (2003) results can be compared with the data obtained in the present study as Lb. casei, Lb. paracasei and Lb. rhamnosus were able to grow and form visible colonies at the same tested concentrations and under aerobic incubation conditions. Sakai et al. (2010) verified that the presence of metronidazole and vancomycin in MRTLV did not inhibit the growth of Lb. casei, Lb. paracasei and Lb. rhamnosus strains. However, Lb fermentum, Lb. plantarum, Lb. reuteri and Lb. sakei strains were also able to grow in this selective media. The MRS-V medium proposed by Tharmaraj and Shah (2003) and used at different temperatures allowed differentiation between Lb. casei and Lb. rhamnosus. In the experiments conducted in the present study, only some strains were properly inhibited by the highest tested vancomycin concentration: Lb. paracasei ATCC 335, Lb. acidophilus LA-5 Ò , Lb. acidophilus 74-2, S. thermophilus TH-4 Ò and S. thermophilus ST066. Based on these specific data and the data from Sakai et al. (2010) , an additional test using vancomycin at a higher concentration (10 mg/L) was conducted.
Vancomycin at 10 mg/mL was not able to inhibit the growth of Lb. casei, Lb. paracasei, Lb. rhamnosus or "other lactobacilli" group (p > 0.05). However, vancomycin at 10 mg/L was able to inhibit the growth of S. thermophilus (p < 0.05). Saccaro et al. (2012) tested the same concentration of vancomycin to lead to selective enumeration of Lb. rhamnosus in the presence of starter cultures (Lb. delbrueckii and S. thermophilus) at 37 C for 72 h under anaerobic conditions and they also found no selectivity activity for the tested strains.
Evaluation of the inhibitory potential of TTC on tested strains
Considering the potential use of PetrifilmÔ AC (3M) plates combined with selective culture media to enumerate the tested strains, we needed to assess the sensitivity of them to TTC, a dye that is added to this system to allow proper colony visualisation. In fact, it is known that TTC can inhibit the growth of some specific bacterial strains, specifically lactic acid bacteria (Beloti et al., 1999; Nero et al., 2008) . Fig. 1 demonstrates the mean counts of the microbial groups tested in the present study after plating them on MRS agar with TTC added at distinct concentrations.
Lb. casei was inhibited when plated on MRS with to 45 mg/L of TTC added. Sakai et al. (2010) described the ability of Lb. casei to grow after plating on culture media containing TTC at 30 mg/L, although this organism formed small, brownish-red colonies as observed in the present study. Lb. paracasei and Lb. rhamnosus were not inhibited by TTC at the tested concentrations; however, the morphological appearance of these colonies varied by strain: some strains reduced the dye and formed red colonies (in the web version) and some strains did not reduce the dye and formed white colonies. Strain Lb. paracasei ATCC 335 was completely inhibited by all treatments. The strains grouped as "other lactobacilli" were not inhibited by the tested TTC concentrations. However, as observed for Lb. paracasei and Lb. rhamnosus, some strains were not able to reduce the dye and formed red (in the web version) colonies or slightly pink (in the web version) colonies as previously described by Nero et al. (2006) . Among these strains, Lb. plantarum, Lb. helveticus and Lb. acidophilus did not reduce TTC, and Lb. delbrueckii, Lb. leishmanii and Lb. fermentum partially reduced TTC, forming pink colonies. S. thermophilus strains were also inhibited by TTC at 30 and 45 mg/L (Fig. 1) .
Based on these data, methodologies and protocols that employ TTC as dye to optimise the visualisation of Lb. casei colonies can be considered as adequate, however concentrations higher than Table 3 Mean values for enumeration of the strains belonging to "other lactobacilli" and "S. thermophilus" groups after inoculation in MRS agar and MRS agar added to vancomycin at 10 mg/L. 30 mg/L of this dye presented inhibitory activity against the tested strains. With regard to the use of PetrifilmÔ AC plates to enumerate starter cultures, adding this system to a selective culture medium would be reliable for Lb. casei enumeration (Beloti et al., 1999; Champagne et al., 1994; Miranda et al., 2011; Nero et al., 2008 Nero et al., , 2006 . Table 4 presents the counts obtained for selected strains plated on PetrifilmÔ AC plates in addition to MRS broth, MRS-V broth and MRTLV broth after incubation under aerobic and anaerobic conditions. This test was performed to identify the best incubation protocol for PetrifilmÔ AC plates that would allow the enumeration of reliable counts of the tested strains.
Evaluation of incubation conditions for selected strains growth
Considering the obtained counts using MRS, a culture medium without any selective agent, we can observe that the microbial counts obtained under anaerobic incubation were higher when compared to the aerobic incubation. The same behaviour was observed when selective agents were added to MRS (in MRS-V and MRTLV) and also the inhibitory effects previously observed for these substances were again observed.
Based on the obtained data, PetrifilmÔ AC plates associated with MRS-V or MRTLV were incubated at anaerobic conditions for Lb. casei enumeration as performed in previous studies with other lactic acid bacteria (Beloti et al., 1999; Champagne et al., 1994; Miranda et al., 2011; Nero et al., 2008 Nero et al., , 2006 . Table 5 presents the mean counts obtained using the individual culture media and protocols evaluated in the present study to determine their selectivity for Lb. casei as observed in the previous results. We observed that the obtained counts on MRS-V, either in conventional plating or associated with PetrifilmÔ AC plates, were higher when compared to the counts obtained on MRTLV. These differences were significant only for yoghurt (p < 0.05). The obtained results indicate that both selective culture media can be associated with PetrifilmÔ AC plates to enumerate Lb. casei in mixed cultures found in yoghurt and fermented milk, as observed is similar studies with other probiotic and lactic acid bacteria (Beloti et al., 1999; Champagne et al., 1994; Miranda et al., 2011; Nero et al., 2008 Nero et al., , 2006 .
Production of probiotic fermented milk and evaluation of MRS-V and MRTLV broths in association with PetrifilmÔ AC for Lb. casei enumeration
The performance of the tested culture media and protocols were also evaluated by linear regression in order to establish correlation indexes between them. Fig. 2 demonstrates the obtained counts, comparing only the data obtained by conventional plating and PetrifilmÔ AC. Based on the obtained data (Fig. 2) , all correlation indices were significant (p < 0.01). MRS-V had better correlation indices between the counts obtained by conventional plating and those associated with PetrifilmÔ AC (Fig. 2A, C ) compared to MRTLV (Fig. 2B, D) . The observed differences in counts on MRTLV obtained by conventional plating and PetrifilmÔ AC (Table 5) can explain the poor correlations observed when using this culture medium in association with PetrifilmÔ AC plates. Nero et al., (2006) assessed the performance of PetrifilmÔ AC plates and MRS broth, comparing this system with MRS agar for the enumeration of distinct starter cultures usually employed for fermented milk production. Despite the absence of significant differences between the counts obtained by the individual protocols, Lb. casei CRL 706 strain formed small colonies on PetrifilmÔ AC plates, hindering proper visualisation and recording. In contrast, Lb. casei strains considered in the present study did not present such limitations when inoculated with MRS-V or MRTLV broth along with PetrifilmÔ AC. In such systems, the colonies had a dark red colour, enhancing their visualisation and facilitating their recording. Based on these data it can be concluded that the behaviour of the PetrifilmÔ AC system along with a selective culture media when using Lb. casei is strain dependent. Nero et al. (2008) described good performance of PetrifilmÔ AC when used with MRS broth in enumerating Lb. casei, but focused on fermented milks produced with single strains. The data obtained in the present study demonstrate the reliability of using MRS broth with vancomycin added to enumerate probiotic Lb. casei strains in fermented milks produced with mixed cultures.
Some studies have shown low viability of probiotic cultures found in fermented milk available for retail sale, demonstrating the need for proper methodologies for monitoring these cultures (Barer et al., 2000; Bloomfield et al., 1998; Colwell, 2000; Kell et al., 1998; Nystrom, 2001; Shah, 2000; Shah et al., 1995; Yamamoto, 2000) . The absence of a standard protocol for this purpose jeopardizes the adequate control by food industries (Van de Casteele et al., 2006) . Thus, PetrifilmÔ plates may represent a valuable alternative quality control tool to be employed by the food industry. A number of studies have assessed the viability of combining PetrifilmÔ AC plates with selective culture media to adequately enumerate target starter cultures composed of lactic acid bacteria and probiotic bacteria (Beloti et al., 1999; Champagne et al., 1994; Miranda et al., 2011; Nero et al., 2008 Nero et al., , 2006 . Based on the obtained data, Table 4 Counts of selected strains obtained in PetrifilmÔ AC plates added to MRS, MRS-V, and MRTLV broths, after incubation at 37 C for 48 h, under aerobiosis and anaerobiosis conditions (GasPakÔ EZ Anaerobe Sachets, BD). populations of probiotic Lb. casei can be included as target cultures that can be monitored in fermented milks produced by mixed cultures by adding vancomycin to MRS broth and using PetrifilmÔ AC.
Species
Conclusion
Lb. casei might be selectively enumerated on specially formulated MRS-V medium from fermented milk produced with Lb. acidophilus and Lb. delbrueckii subsp. bulgaricus and S. thermophilus. However, the selective potential of this culture medium must be evaluated considering the specific strains of Lb. casei and the starter cultures inoculated in the fermented milk that requires monitoring. The versatility and convenience of PetrifilmÔ AC plates for the selective enumeration of Lb. casei using anaerobic incubation were demonstrated in this study. 
